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PORTABLE RADIO TERMINAL EQUIPMENT HAVING CONDUCTOR 
FOR PREVENTING RADIATION LOSS 



5 PRIORITY 

This application claims priority to an application entitled "Portable Radio 
Terminal Equipment Having Conductor for Preventing Radiation Loss" filed in the 
Korean Industrial Property Office on July 2, 1999 and assigned Serial No. 99- 
10 26672, and an application filed in the Korean Industrial Property Office on 

September 10, 1999 and assigned Serial No. 99-38777 the contents of both of 
which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

15 

1. Field of the Invention 

The present invention relates generally to portable radio terminal 
equipment, and in particular, to compact, lightweight portable radio terminal 
20 equipment with a better radiation efficiency to thereby reduce harm to human 

bodies caused by radiation. 

2. Description of the Related Art 

25 There is a trend in mobile communication technology to provide 

increasingly more compact, lightweight radio terminal equipment in accordance 
with user preference. In general, the length of existing portable radio terminal 
equipment does not exceed XI A, where X represents the received electromagnetic 
wavelength corresponding to the operating frequency. Since portable radio 
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terminal equipment uses electromagnetic waves for communication, a radiation 
efficiency is an important factor in increasing call quality. 

FIG. 1A is a front view of a conventional portable radio terminal having a 
5 conductive printed circuit board (PCB), and FIG. IB is a side view of the 

conventional potable radio terminal. 

Referring to FIGS. 1A and IB, a dipole antenna 100 uses a body 120 as a 
ground. The dipole antenna 100 has an efficiency and a radiation pattern, which 
10 varies according to its length. The dipole antenna 100 radiates the maximum 

signal when the length is A/2, and incurs a radiation loss when the length is below 
K/2. 

FIG. 2 illustrates the distribution of a radiation current when the total 
15 length of the body and the antenna of the portable radio terminal is below A/2. In 

FIG. 2, the total length of the body and the antenna is A/2-a. As shown, the 
equivalent circuit and the radiation current distribution includes a radiation loss, as 
represented by a dotted line. 

20 FIG. 3 illustrates the distribution of a radiation current when the total 

length of the body and the antenna of the portable radio terminal is A/2. The total 
length of the body and the antenna is A/2, thus the equivalent circuit and the 
radiation current distribution includes no radiation loss. 

25 In contrasting the radiation current distribution of FIGS. 2 and 3, it is 

evident that a radiation loss occurs when the total length of the body and the 
antenna is below A72, whereas the radiation loss does not occur when the total 
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length is A/2. However, this factor places a limitation on the compactness of the 
portable radio terminal, which is contrary to the current user preference. 

Therefore, a technique capable of maintaining a good radiation efficiency, 
while reducing the total size of the body and the antenna to JJ2 and below is 
needed. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide portable radio 
terminal equipment which can maintain a good radiation efficiency, while 
reducing the total size of a body and an antenna of the terminal equipment to A/2 
and below. 

It is another object of the present invention to provide portable radio 
terminal equipment which reduces the harmfulness to a human body resulting 
from electromagnetic waves being applied to the user's head, while reducing the 
total size of a body and an antenna of the terminal equipment to A/2 or less. 

In accordance with one aspect of the present invention, portable radio 
terminal equipment has a total length, including a terminal body and an antenna, 
of below 1/2 wavelength. The terminal equipment includes a conductor connected 
to a printed circuit board in the terminal body so that an electrical equivalent 
length is 1/2 wavelength. 

In accordance with another aspect of the present invention, portable radio 
terminal equipment with a flip includes a conductor within the flip so that an 
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equivalent ground length formed by a terminal body and the flip is longer than 1/4 
wavelength in order to disperse a peak current distribution point. 

BRTEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
invention will become more apparent from the following detailed description 
when taken in conjunction with the accompanying drawings in which: 

FIG. 1A is a front view of conventional portable radio terminal equipment 
having a conductive PCB; 

FIG. IB is a side view of the conventional portable radio terminal 
equipment having a conductive PCB; 

FIG. 2 is a diagram illustrating distribution of a radiation current when the 
total length of a body and an antenna of a portable radio terminal equipment is 
below 7J2; 

FIG. 3 is a diagram illustrating distribution of a radiation current when the 
total length of a body and an antenna of a portable radio terminal equipment is 
X/2; 

FIG. 4A is a front view of portable radio terminal equipment having a 
conductor according to an embodiment of the present invention; 

FIG. 4B is a side view of the portable radio terminal equipment having a 
conductor according to an embodiment of the present invention; 
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FIG. 5 is a diagram illustrating radiation current distribution of the 
portable radio terminal equipment having a conductor according to an embodiment 
of the present invention; 

FIGS. 6 to 9 are diagrams illustrating the portable radio terminal 
5 equipment with conductors having different shapes according to various 

embodiments of the present invention; 

FIG. 10 is a diagram illustrating a portable radio terminal equipment 
having a flip with an integral conductor according to an embodiment of the present 
10 invention; 

FIGS. 11 to 15 are diagrams illustrating the flips with integral conductors 
having different shapes according to various embodiments of the present 
invention; 

15 

FIG. 16A is a diagram illustrating terminal equipment for which the total 
length of the body and the antenna is XI A, together with the equivalent current 
distribution and actual current distribution; 

20 FIG. 1 6B is a diagram illustrating a terminal equipment for which the total 

length of the body and the antenna is XI2, together with the equivalent current 
distribution and actual current distribution; and 



FIG. 16C is a diagram illustrating the portable radio terminal equipment 
25 having a folder with a conductor according to another embodiment of the present 

invention, for which an equivalent length of the body, the antenna and the folder is 
M2, together with the equivalent current distribution and actual current 
distribution. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will be described herein 
below with reference to the accompanying drawings. In the following description, 
5 well-known functions or constructions are not described in detail since they would 

obscure the invention in unnecessary detail. 

FIG. 4A is a front view of portable radio terminal equipment having a 
conductor according to an embodiment of the present invention, and FIG. 4B is a 
10 side view of the portable radio terminal equipment having a conductor according 

to an embodiment of the present invention. Referring to FIGS. 4A and 4B, a 
conductor 250 is connected to the bottom of a conductive PCB 130 in a terminal 
body 120. In case of high frequency, the conductor is electrically connected to the 
antenna, directly or via components on the PC board. 

15 

FIG. 5 illustrates the radiation current distribution of the portable radio 
terminal equipment having a conductor according to an embodiment of the present 
invention. Referring to FIG. 5, the portable radio terminal equipment is shown, 
where the total length of the body and the antenna of the terminal equipment is 

20 X/2-a. Also shown is the equivalent circuit and radiation current distribution. As 

illustrated, although the total length of the body and the antenna of the terminal 
equipment is less than A/2, the maximum current is radiated without radiation loss. 
This is because the conductor 250 is connected to the bottom of the conductive 
PCB 130 in the terminal body 120. In other words, even though the total length of 

25 the terminal body 120 and the antenna 100 is actually less than A/2, its electrical 

length becomes A/2 by connecting the conductor 250 to the conductive PCB 130. 
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FIGS. 6 to 9 show the portable radio terminal equipment according to 
various embodiments of the present invention, in which the conductors have 
different shapes corresponding to the various embodiments. 

5 More specifically, FIG. 6 illustrates portable radio terminal equipment 

having a conductor in the form of a wide flat conductor board, and FIG. 7 
illustrates portable radio terminal equipment having a conductor comprised of a 
strip line arrangement. Further, FIG. 8 illustrates portable radio terminal 
equipment having a conductor extending in a straight line, and FIG. 9 illustrates 
10 portable radio terminal equipment having a conductor in the form of a closed loop. 

The conductors may be in contact with the PCB over their whole length, or may 
not. 

The portable radio terminal equipment uses electromagnetic waves for 
15 communication. Since the user brings the portable radio terminal equipment into 

close contact with his or her head during a call, the user may suffer from the 
harmful electromagnetic waves. Recently, every nation has fixed an SAR (Specific 
Absorption Rate, of which a measuring unit is W/Kg) safety standard. The SAR is 
one of the factors considered in determining the level of harm to the human body 
20 posed by the electromagnetic waves from the portable radio terminal equipment. 

For example, the ANSI(C95.1)/IEEE/FCC(R24) safety standard restricts 
the average SAR to 0.08 W/Kg in an environment where an individual is typically 
unaware of the electromagnetic waves and an exposure to the electromagnetic 
25 waves cannot be controlled, and restricts the maximum SAR in any case to 1 .6 

W/Kg. 

There is a trend in the development of mobile communication equipment 
to provide portable radio terminal equipment that is increasingly more compact 
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and lightweight, in order to satisfy consumers' preferences. This, however, reduces 
the distance between an earpiece and a mouthpiece of the terminal equipment, to 
less than a distance between an ear and a mouth of the user. Thus, to solve this 
problem, a flip structure is typically utilized for the portable radio terminal 
equipment. Accordingly, portable radio terminal equipment will commonly 
include a non-conductive plastic flip. 

Referring to FIG. 10, an example of a novel portable radio terminal 
equipment with such a configuration is illustrated. The antenna 100 uses the 
terminal body 120 as a ground. Unlike an ideal monopole antenna where every 
ground surface has the same potential, this ground has a varying potential, where 
the potential varies according to positions on the body 120. In this context, the 
antenna 100 can be analyzed as an unbalanced dipole antenna. The length of the 
terminal body 120 tends to be miniaturized from 1/2 to X/4. The reduction in 
length of the terminal equipment increases the maximum current distribution at a 
close range. When the length of the terminal body 120 is 7J4, the current 
distribution becomes maximum at a feeding point 110, which is detrimentally 
positioned, causing harm to a users head. Therefore, as illustrated, the novel 
portable radio terminal equipment has a flip, in which a conductor is included so 
as to increase the length to 7J2 and thereby reduce resulting harmfulness to the 
human body due to the electromagnetic waves. 

FIGS. 11 to 15 illustrate the flips with differently-shaped conductors, in 
which reference numerals 240B to 240E indicate a conductive metal layer. 
Therefore, in the portable radio terminal equipment with the flip 230 which 
includes a conductor 240B to 240E electrically connected to the terminal body 
120, an equivalent ground length formed by the terminal body 120 and the flip 230 
becomes longer than 7J4 by using the conductor. The conductor may be formed on 
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the flip by covering the flip with conductive pigments, or by performing injection 
molding after inserting a conductive substance. Alternatively, a conductive sticker 
may be attached to the flip. The conductor may be formed in the shape of a line or 
a flat board, and the shapes can vary according to the mechanical requirements of 
5 the terminal body, as illustrated in FIGS. 1 1 to 1 5. 

FIG. 16A illustrates terminal equipment for which the total length of the 
body and the antenna is A/4, together with the equivalent current distribution and 
actual current distribution. As illustrated, when the total length of the terminal 
10 equipment is A/4, the peak current distribution occurs at the feeding point 110, so 

that the user's head may be greatly influenced by the electromagnetic waves. 

FIG. 16B shows terminal equipment for which the total length of the body 
and the antenna is A/2, together with the equivalent current distribution and actual 

15 current distribution. Unlike in FIG. 16 A, the maximum current distribution point 

disperses in two locations emanating from the feeding point 110, thereby reducing 
the peak magnitude. Therefore, the terminal equipment of FIG. 16B is less 
harmful to the human body, as compared with the terminal equipment of FIG. 
16A. The approximate ratio of the peak magnitude of each of the current 

20 distributions of FIGS. 16B and 16C (A/2) to the peak magnitude of the current 

distributions of FIG. 16A (A/4) is l A. 

FIG. 16C shows the portable radio terminal equipment having a folder 
with a conductor according to an embodiment of the present invention, for which 
25 an equivalent length of the body, the antenna and the flip is extended to A/2, 

together with the equivalent current distribution and actual current distribution. As 
illustrated, the peak current distribution points disperse, reducing their peak 
magnitude, by increasing the equivalent ground length formed by the terminal 
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body and the flip (more specifically, the conductor) to be longer than X/4. Ideally, 
the equivalent ground length isX/2. 

In summary, in order to increase the equivalent ground length formed by 
5 the terminal body and the flip to be longer than XI A, a conductor is included in the 

flip of the portable mobile terminal equipment, so that the short-distance current 
density peak magnitude may be reduced in the vicinity of the user's head. In this 
manner, it is possible to minimize the influence of the electromagnetic waves upon 
the human body. Therefore, it is possible to provide portable radio terminal 
10 equipment which can maintain good radiation efficiency, while reducing the total 

size of the body and antenna of the terminal equipment. 

While the invention has been shown and described with reference to a 
certain preferred embodiment thereof, it will be understood by those skilled in the 
1 5 art that various changes in form and details may be made therein without departing 

from the spirit and scope of the invention as defined by the appended claims. 
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WHAT IS CLAIMED IS : 

1 . A portable radio terminal apparatus including a terminal body and 
an antenna wherein said portable radio terminal's overall length is less than 1/2 
wavelength, the portable radio terminal comprising: 

a conductor connected to a printed circuit board disposed within the 
terminal body such that an electrical equivalent length of the portable radio 
terminal is 1/2 wavelength. 

2. The portable radio terminal apparatus as claimed in Claim 1, 
wherein the conductor comprises a flat conductive board. 

3. The portable radio terminal apparatus as claimed in Claim 1, 
wherein the conductor comprises a strip line. 

4. The portable radio terminal apparatus as claimed in Claim 1, 
wherein the conductor extends in a straight line from the printed circuit board. 

5. The portable radio terminal apparatus as claimed in Claim 1, 
wherein the conductor comprises a closed loop. 

6. A portable radio terminal apparatus including a terminal body 
having a flip and an antenna, said portable radio terminal comprising: 

a conductor integrated with the flip so that an equivalent ground length 
formed by the terminal body, the antenna and the flip is longer than 1/4 
wavelength, thereby dispersing a peak current distribution point. 
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7. The portable radio terminal apparatus as claimed in Claim 6, 
wherein the conductor is formed within the flip by inserting a conductive 
substance. 

5 8. The portable radio terminal apparatus as claimed in Claim 6, 

wherein the conductor is formed on the flip by applying conductive pigments to 
the flip. 

9. The portable radio terminal apparatus as claimed in Claim 6, 
10 wherein the conductor is a conductive sticker attached to the flip. 

10. A portable radio terminal apparatus including a terminal body 
having a flip and an antenna, said portable radio terminal comprising: 

a conductor integrated with the flip so that an equivalent ground length 
15 formed by the terminal body, the antenna and the flip is 1/2 wavelength, thereby 

dispersing a peak current distribution point. 
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ABSTRACT OF THE DISCLOSURE 



A portable radio terminal where the total length of a terminal body and 
an antenna is less than 1/2 wavelength. The terminal equipment includes a 
conductor connected to a printed circuit board in the terminal body so that an 
electrical equivalent length is 1/2 wavelength. The portable radio terminal 
equipment maintains a good radiation efficiency, while reducing the total size of a 
body and an antenna of the terminal equipment. 
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